Summary box
► Non-communicable diseases (NCDs) are the leading cause of mortality globally, and particularly high in low-income and middle-income countries (LMICs), where the response is still below optimal. ► The scope of surveillance data needed for NCDs and more specifically cardiovascular diseases and the related risk factors as well as health service utilisation is broad. ► No single data gathering system is sufficient to provide the data required for comprehensive NCD surveillance. Hitherto, LMICs have seldom applied the most appropriate and timely surveillance strategies and tools for monitoring the changing disease patterns and the effects of interventions. ► The global threat of NCDs combined with unplanned urbanisation and unhealthy habits, including sedentary lifestyles and improper dietary pattern, calls for new surveillance methods with direct input from national control programmes to decipher existing health systems programmes in LMICs and design viable policies targeted at population ageing. ► Consideration for resource mobilisation to establish a sustainable surveillance system in LMICs includes host government collaborations, dedicated national research funding institutions, and international and donor agencies.
InTroduCTIon
Non-communicable diseases (NCDs), especially cardiovascular diseases (CVDs), are the leading cause of death globally, with approximately 80% of NCD-related deaths occurring in low-income and middle-income countries (LMICs). NCDs disproportionately affect individuals in LMICs. Consequently, it is imperative to set up viable disease surveillance systems to accurately assess the burden of NCDs in these countries and design appropriate management and prevention strategies. Public health surveillance is the systematic and continuous tracking of population-level health status, events, outcomes, risk factors and other determinants through the collection, integration, analysis and interpretation of data and the timely dissemination of the information to instigate action. 1 Surveillance is pivotal in public health by providing useful information for policy and decision-making regarding population-level or individual-level preventive, curative or palliative interventions, and is relevant for healthcare providers and consumers.
Although surveillance was originally geared towards controlling infectious diseases, its basic conceptual definition has been extended to chronic NCDs, and CVD in particular. Indeed, CVD surveillance is still a developing field worldwide, especially in LMICs, compared with infectious diseases. 2 Most LMICs are yet to develop the best strategies and tools for monitoring the changing patterns of diseases and the effects of potential interventions. A strategic use of existing international frameworks by these countries has potential advantages as against setting up BMJ Global Health significance of using these frameworks in CVD surveillance includes cross-country learning, resources and expertise sharing, and performance. These frameworks are described in detail in table 1 . The details on the components of the STEPS survey components, including the stroke survey, are provided in online supplementary tables 1 and 2. Additional details on the elements assessed in the DHS are also shown in online supplementary table 3. The cost of implementing population surveillance in LMICs is a major challenge to the overall national and multicountry health systems. Because of budgetary constraints in LMICs, health departments are suboptimally funded to undertake surveillance. In an ideal situation, national governments would allocate resources to the health sector in general and specifically to NCD surveillance. However, achieving appropriate NCD surveillance may require resource mobilisation from international donor agencies to develop a functional surveillance system and provide funds for consistent implementation and further planning of outreach activities. Subnational-level NCD funding mechanisms may also be needed to strengthen surveillance efforts. 10 developmenT of CHronIC dISeaSe SurveIllanCe In lmICS Although public health surveillance dates back to the time of Pharaoh Mempses in the First Dynasty, its application to NCDs is relatively recent. 10 11 In the USA for instance, cancer reporting commenced in 1911, with the first population-based cancer registry established in 1935, and later landmark community-based cohort studies such as the Framingham Heart Study started in 1948. 12 In the 1980s, the USA established the nationwide Behavioral Risk Factor Surveillance System to continuously collect data on key behavioural determinants of health. 13 At a global level, the potential utility of surveillance in addressing NCDs was recognised at the 21st World Health Assembly, which recommended the application of surveillance principles to non-infectious health problems like atherosclerosis, cancers or social problems (eg, drug addiction).
14 However, interest for NCD surveillance had mostly remained the concern of developed countries until the 1990s, when it became evident that the greatest impact of NCDs would be in LMICs. Interestingly, the 53rd World Health Assembly adopted the 'Global strategy for prevention and control of non-communicable diseases'. 15 The resolution positioned surveillance as a key objective of a global strategy and stressed the need for mapping emerging NCD epidemics. In order to provide guidance for policy, legislative and financial measures related to the development of an environment supportive of prevention and control, exploring NCD determinants with particular reference to disadvantaged populations was brought into the limelight. 15 In 1999, the first global conference on risk factor surveillance, co-organised by the US Centers for Disease Control and Prevention (CDC), the Finnish National Public Health Institute (KTL) and the NCD surveillance department of WHO, was a landmark event for the development of an international collaboration towards global NCD surveillance. 16 18 The WARFS mission is to support the development of behavioural risk factor surveillance (BRFS) as a tool for evidence-based public health, thus acknowledging its importance to inform, monitor and evaluate disease prevention and health promotion policies, services and interventions. 19 By creating a framework revolving around producing, drafting and updating white papers on surveillance, and co-organisation of global BRFS conferences, the WARFS aims to integrate surveillance as a tool into the mainstream of health promotion; serve as a reference for researchers, risk factors surveillance practitioners and countries that are developing risk factors surveillance; and to share findings and results and experiences with the IUHPE community to facilitate a dialogue regarding the role of risk factor surveillance. For example, an effort that is enhanced by the WARFS is a 6-year partnership established and jointly supported by the IUHPE and the US CDC to build capacity for cardiovascular health promotion and chronic disease prevention and control in the African region. 20 In general, NCDs and more specifically CVD surveillance in LMICs is largely driven by WHO-led efforts, or bilateral collaborations between countries. 21 22 For example, since 2006, the CDC has collaborated with Brazil for NCD surveillance, by providing extensive technical support for the development of BRFS system across Brazil's state capitals. The CDC has also provided guidance on policy development, programme planning and evaluation of physical activity in about 300 municipalities in Brazil. 23 A similar collaboration for BRFS exists between the CDC and China. 24 THe SCope of Cvd SurveIllanCe The spectrum of CVD surveillance includes various aspects such as determinants, events, health service utilisation and outcomes of care. Selection of conditions to include in the surveillance system varies across countries/settings, with the preference often given to important NCDs and risk factors amenable to prevention and control (table 2) . Surveillance systems and requirements for NCDs have evolved over time, largely paralleling the progress in our understanding of the complex aetiology of these diseases, to include monitoring of trends in health behaviour, occupational and environmental risk factors, as well as health conditions such as disabilities. Furthermore, there has been increasing awareness of the impact of the built environment on the physical and mental health of populations. 25 Therefore, new surveillance methods have BMJ Global Health in Asia and 18% in Latin America and Caribbean. 4 There is an opportunity to use the DHS platform for acquiring data for NCD surveillance (as a by-product), an approach already been used in some countries. For example, the 2002 DHS survey in Uzbekistan measured blood pressure and levels of other common CVD risk factors, including biological markers, and was subsequently used to describe their epidemiology in the country. 31 32 The Global Tobacco Surveillance System (GTSS) The focus of INDEPTH on mortality is a huge asset for monitoring the contribution of CVD to overall mortality. CVD, cardiovascular diseases; LMICs, low-income and middle-income countries; NCD, non-communicable diseases. been developed to monitor the health of populations in the context of their residential communities, involving a complex interaction of health determinants, health outcomes, physical measurements, biological samples, policies and the built environment. 26 Population-based data are essential to surveillance and provide valuable information for planning and evaluating disease prevention and control strategies. 2 However, data sources for NCD surveillance may vary substantially, including a notifiable diseases system, vital statistics, sentinel surveillance, registries, health surveys, administrative data collection systems and census (table 3). The nature of diseases renders some data gathering systems less attractive. Indeed, the aspects of NCD most amenable to public health interventions are risk factors for the disease and present years before the disease becomes evident. Furthermore, some risk factors for diseases and related complications simply do not operate at the individual level, and there are future issues for planning related to comorbidity. facilitate the extraction of information from medical files, which implies that hospital-based data could be used for surveillance, but not without practical challenges in majority of LMICs. However, recent initiatives such as the Data for Health initiative, a partnership between the CDC, the CDC Foundation, Bloomberg Philanthropies and other organisations, are geared towards support for surveillance in 20 LMICs across Latin America, Asia and Africa. The partnership will also strengthen birth and death registration systems and improve information on the aetiology of death to bolster policy development. The initiative will provide experts to create mobile phone risk factor surveys for NCDs. Finally, the partnership will help incountry, CDC-supported Field Epidemiology Training Program residents and National Public Health Institute staff to use health data to inform policy development. The Bloomberg Mobile Phone Risk Factor Surveys for Non-communicable Diseases will implement a mobile survey to track CVD data in the selected countries. The project will test the feasibility of using mobile phones to collect data that can supplement household surveys for non-communicable chronic diseases (such as heart attacks, stroke and diabetes), injuries and environmental health factors. The potential limitations of such an undertaking include limited clinical information and diagnostic misclassification such as underdiagnosis, overdiagnosis and misdiagnosis common with cardiovascular and chronic lung diseases. Whether social networking, as suggested in other parts of the world (eg, USA), has the potential to modify the future of surveillance in LMICs remains unclear. The integration of social networking in surveillance would be challenging, as this requires access to the internet, which may not be commonplace in many parts of the LMICs.
leveragIng THe exISTIng reSourCeS In lmICS for Cvd SurveIllanCe and buIldIng on experIenCeS from oTHer parTS of THe world The scope of data needed for NCD surveillance is very broad, and no single data gathering system is able to provide the mix of data required for a comprehensive surveillance. 1 12 17 Hence, population-based data collection requires multiple sources, including a notifiable disease system, vital statistics, disease registries, health surveys, censuses and sentinel surveillance. 12 27 This mix of data feeds is lacking in LMICs, which largely have yet to build the basic blocks for an ongoing NCD surveillance system. Setting up and maintaining a surveillance system require substantial investments in terms of human skills, time and financial resources. Consideration for sources of funding to establish a sustainable surveillance system includes local governments, international public agencies (such as the US Agency for International Development, WHO and CDC), and other dedicated research funding institutions such as the Wellcome Trust, the National Institute of Health and the Medical Research Council.
The level of investments required to achieve a comprehensive surveillance can quickly become prohibitive, BMJ Global Health particularly when there is a lack of a baseline framework to build on. It is therefore important for LMICs to make strategic decisions in terms of the scope of their surveillance data needs and possible pathways for making such data available, while accounting for the downstream challenges to process and convert the data collected into outputs that will efficiently inform action. Whenever there are existing opportunities within countries for regular contact with the population, which can be capitalised on to gather surveillance data, building on such an opportunity is likely more feasible and cost-effective than setting up a completely new system. Where countries are contemplating starting new data gathering systems, there are advantages in adapting existing international frameworks as opposed to setting up a country-specific system. Such advantages include cross-country learning, resources and expertise sharing, and performance comparisons. Creating a reliable global NCD surveillance interconnected system would greatly contribute to reaching the United Nation -NCDs 2025 nine global targets/goals, through evaluation of the extent of what would remain to be done in that direction. This is also true for the 2030-2040 Sustainable Development Goals, especially goal 3, which pertains to ensuring healthy lives and promoting well-being for all at all ages.
ConCluSIon
In brief, LMICs are still to develop the best approach to surveillance of NCDs. This will require the appropriate investment, which can involve developing new initiative but also leverage existing international framework to limit costs. Such an undertaking is not devoid of challenges. Given the important human and financial burden of NCD in LMICs, an effective surveillance system would greatly contribute to limiting the costs related to these conditions.
